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ABSTRACT 

PURPOSE: To form a semiconductor device with high stability and high 
reliability by controlling the operating voltage and the operating current 
of a circuit in the semiconductor device, according to the change of 
manufacturing condition and the use condition. 

CONSTITUTION: The title semiconductor device is provided with a controlling 
circuit 3 having a signal generating means or a controlled internal power 
supply voltage means. The former generates a signal changing in accordance, 
with the change of the manufacturing condition and the use. condition. The 
circuit 3 generates a controlling signal or a controlled internal voltage 
according to the change of the manufacturing condition or the use 
condition, and controls the operation of a circuit 2, via a control line 5. 
Thereby, characteristics of the circuit 2 are kept in a constant relation 
according to the manufacturing condition and the use condition, so that a 
semiconductor device with high stability and high reliability can be 
formed. 
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T ft 4 . 

SS 3 30 1* £2 1 m ~ & 2 5 0 *> fi5 3 OB 

i/r*ffibfe^oT. *c s « , «8s«£E«^o 

raB*C*?w*TQei~Qeett/WjK-9 K ^ > i> 



?IBB¥ 2-350 (11) 

Rei~Reel***fST, 9rM4>&i£4$&fcfe 

«:r»i iettt/WjK-5h7>i; 

>^**Qe»<&3l/*5*»T;fc*. JB4T T tt . 

o * n * . 

V ii « Vbb(Q ei) + I ei' R bi + Vbb(Qbi) 

-VoB(Qse) -(4) 
c:tV B E(Qei), VBE(Qei), VBe(Qee)l± 

I »i=(VBB(Q B e)-VBB(Qe4)}/R B i-(S) 



^ h7>s;x^ QBBOiaa5fflfi4^w,f-7 h ? 

1 k T 

I ei= a m n —(6) 

Rbi 4 

•fc.y 

Rea kT 

Vli«VBE(QBl)+ ftnn+VBB(Q«)-VBE(Q M ) 

Re« q 

•(7) 

# fiR £ "T * . lyfc/l*OT>W#-7 h7V;^5 
Qe»fc:Qee©JCSs/5*a{8B«^^U<^4^^ 

> /i/-r * cd -c 

Res k T 

Vu*Vbb(Qbi) + • A . n (8) 

R B4 q 

a V ii a Vbb(Qbi) Ret k 

= + fl.n —(8) 

d T a T R e* g 



Re4<0Jt*iL<«:* /<YiK-7 h9>^^* Qbb 
fcQe4<0i5S>*^»«jK(0Jtn 

a t 

K¥^^:/*IE£« I* *Uv> 1.2V 

5 v * m a ii « i* * u w> <o t , ai * « » i t* 

Vn 

i m ... (JO) 

Ree 

<D * 5 ^ t tfiT # * . l/fc^-DT.'Vn 

ReaiCJ;orft«tC«B«IT#*, 



& & t\ t£ & v> . 

V i 1 1± « *. I* JS 2 0 B 0> V com ' tbtfflv^ 

• ^Cfcfc. 1*4 H, IB 5 0. ffl 60<53JI««(O 



?5RB¥2-350(12) 

K «fc UVccl:8JlnibT*,raaOJ5coi:i*tii 

ffl-C«*. »34HtttpMOSTpii:TM, 
nMOSTmi:Ti.Rtt»l'>M7-8:iiSlt. > 

fir«*«)«lca^T # 4. iCT. pMOSTpk 
Tpi(D y - A*£ *S «fc t/«*W C C* CD*** 











»«fcfc. di##rtJ*> 


V i £ 


u 


* o r . fc® k A# 


$ n * *flE K 






c k #T # . 








& • # iS . V COWT * 


Vcoit' 3 


1.3 


2 










%> T p* , T»i©^* 


$ & la j»e n82t 




a 






-c * * 








a , m 


3 


4 H<?<& * } IC 


:/rt»-cvcc<fc»jft 




& 











^*S«4@I«> G I* iff ill » T *> * . £ 18 B. ft £ 

*B £ T * . <(|iti«GI±JiC*flEVii«rlfr1iUr, 
WgP ®» 2 U < fctfW«@»C0-~SP3 A rC#5?fc 

^^ttsr^fe-tti-t^-c*** to * tf a * n 



* < * ffi V i <&fcfc«3£-C**. 

83701*. JB 3 5 0 , t»3 6H(0«»^i:i5 

*»<DTJ53 3ian^Lfeia»8Ju:^v>X^-<,-K- 



vi.fc *©a«{&#ttfc(8>, * *t * . 

35@ f ma e BK5*ufc&tft#a>£mEa£@ 

d Vn 

a t 

<ttma«)«i:-r*cifc^T#a. * *? • 037 

IS If 2 f& , ft 1 . 8 V &jtg*.*£f&£VjattVcc 

tctt 6-r »wr — * * a - u * #0 T*3fcjfc« & 



»ra¥2-350(13) 
i:c<2>-c* z n s -c sft B L t e fcSia&tt <a «fc d 
ft t? . m-*m4*&&*p f t * 

<&@*ftfcRB*K»Aar*±:*iiW:. W * K ffl a 

W - ^ h^:/i/**<&-«0fctt — b # 

ft* ft Ufc^"3tS*ffBJ»F i: 

LT, 0 3 7HG)*tt01<&«fc}K/Wstf- J 5 h ^ 
> J/ * * & J8 V* <D "C 1* ft < . M O S K 7 V 

**&fflV*fc*<BtfS*Lv> * <& * 

IC I* . *! it . »3 2H^*?l>TMOS 

j/a*t*«» (0 k t> -r > * vcct u m tik v> v i« 

ifflott J:^b, & <b n 

O G U E Y , Journal of Solid-State Circuit, 
S C - 1 5 • Jun. * 8 0 

U < tt 

BLA US HILD, Journal of Solid-State Circuit* 
SC-1 3, Dec. '7 8 

Kffi«<&£«ffi«£@ttft£'fcJ8^*vtf,kv^ 
03 819(1. 03 60lc*Jl**«»iarti@tf 



0 3 8 0 C *? V> T l± • tt?h lC3£*iE@ttF 
(B ffi 7J tt JE V i t J* . «^Ia fc:»3a@«K0£fiAm 

jtodt^ta*. ft *? • jg6®vc*?w*p^-v 

* /!/ M O S H =7 Is is >\ 9 £0700><fc}fc:««;-C 

ft & % 0 3 8 0, J5 3 9(8<0gft7>^©tti« 
«2: UTtt«*ft@»&^;t*c:*: 

* T5l«-r * d i: ^-SlflfiTft * . - r TMOS 
K7VJ/'X^ Tiei, Ti7i«y-h«:Ii 



— ^jcflmt^tfti. $ IC 7 > :/ <& 

<&«»fct7ft}£i=*»-C#*. 

0 4 2 0 tt % J83 6Bic£tt*aaigKHCDA 

S4 20C£Ptlt, ftJ»tt5I0)«£EVi iC 
2* U T . JE *J « ^ I * K I* * 
R it 

Vi» = v t - (ID 

R » 1 + R • & 

a< as a s *v . »3 60ioas»iffi!]»icA»*n&. 

L O T . ^«JE@»F©aiA«aEfcVii. ft] 
9P |g 5 IKib?jLfc^m9lCD*flEfcVxofcLT 
R •» 

V t . « V 10 (12) 

Rn + R •» 

= Vio-CVii*=Vi*i:ftyiWtttt5 I «> « tt »T 

i:^«i^a»ttntf. ±s2ittjBEv B o<Diauctt^ 
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«RI ¥2-350 (14) 



04 3 0tt. 03 60lC*>tt*#iBHI8&HCD*fi 
<B3S»*!ftmUfc4*CDTft *. »4 3BAS»{f) 

ic*»-cit. «g»ft 5 i * a«*ttictttt*r . 

«fcoTtt»#«Mt> 042H*U«6 
04 3Hfc*^ttt(ll)^ , (12)s£ 

R • * . . 

V n= ( Vi-Vbb(Qii)} - (13) 

R • i + R ti 
R ts 

V,»= i Vio- Vbe(Qii)} - (14) 

Rn + R tx 

0 fit ft ft tf> n * . ZCD*£tt(14)A 
A U 18 6 * IC . 



R • i + R •* 

V io= Vio+ VBe(Qti) - (IS) 

R »t 

fc**fc«>. (15)5*0 2*C0fc**ICttff Vro^fi 

CC0»^K t± (IS) 5^ i: «j . 

dVio Roi+Ro* aVt» a Vbb(Qh) 
e H ■ 

a t Rti a t aT 

• (16) 

a v to 
a t 

a v 10 

(16) fc»fttJ:Ka8ttMXi:<. * * 

a t 

(vcc) #ai*c*:-3fcfcUT*i. mama ft 



tf«j4*Tfflv>e>**Wffi«* »J » « ft « # ic 0 

fc*0#lcjl^tt*x-t>^^T-Xhft3SttL. ft 
«lttft*KUTv>*. r<Di-t?>^f ^hfc* 
U*A<B«Ji**iaj:*-ti:*Kfct. iE # * # * # 

£ « 3? tfi ft * . t Z. * • _h*20)«fc^lc^ty:/rt 

@wic + #*x-j/v$r*ffi#/fli*>6*^»*.# 

ft*. * co»^ictt. 04 4 Bfcm Lfc * Ui. 
ttfiRlftiaB|'C*4t4»ffiV, ft. 

« T *vlx «fc . »44B1?I1, # ® * K * ffi 
Vectf Voi 6 VcE*ttt. rtflJ»**£EVi ft 
-£ftV!«Cft^. Vcc#VcEtfiiftfcVcc«) 

VceiSlJiK Vccft J:**** £ Vi fcJb#-r& 
©T. x — *J V V f- * b ftCI* Vccft VceJa -b IC 



Jil-fZ£. J ?"y-fto<nmtiL\ZVic*L »J S ^ « ft *D 

it * c £ * * • *<ott*>K.mtot£*-i'>'? 

0 4 5 B I* . S!4 4 iai:?nlfc«E«tt?:?£^ 
**fcl*0A«^*3*tt«ft*Lfc*CDTft*^ 
184 5Hfc*M**s£*flEig**Ft±. 03 7 18(0 31 
» flMc *; v% T ill # ® J CD >W *K — 9 h^>i/'A^ 
^nu^^tW^DCOIRIicfiS^Riii il^AOfi 

ta-c*'U. js»*»mj0o d ^sb» h * urn 

3 6 h t m ** K &|* b fc. 

* . h^^^^^Qm CO a 1/ * 

arfc/Wilt— 9h95/«/X*Qn» CO - * «! 
8b. Jb ffi ' W rt? — 7 KfV'^Xi' Qui CO x 5 
? » *tl*tt S X tc. a f * 9 ft VccK tttt b ft 
*0VfttC£t'TI*. ^9*tt«ffV«^, tiiAtSI 
ffVi CO#£;£VioiCitb*:tt. - 5 h 9 

Qui ^*Vtft*TttVi I* V I o K 

b < — £ . H^v^xi'Qiit # * 

b & a t± w a vit ee i* v cc * 1 1> k -h # r * . '< 



?*ra¥ 2-350(15) 



V ce= V io + V bb( Q in) + R in • i 11 — (17) 
C C -Cflta i iittttflRiii ft»iv**»Tft 

* ft m fc -r . 

i u« Vn/Rut -(IB) 

Rin 

Vce= Vio + Vbb(Qui)+ V it -(19) 

R i 11 

•ea&y, vceai^vcctfi^tsi: vi tt*s£ 

Vi = Vcc-Riii-i h-Vbe(Qui) 
Rin 

= Vcc Vii-Vbb(Qih) -(20) 

Rm 

tfVcBfcd*.ai:«flEVi ^Vec^i:^!iv^±# 
tifetf), - V 2/ if ^ x h ft ic tf * S d i: 

* * * . 

£ * © Vcb« ffl«##ttt* . (19)** *J 



d Vce dVio d Vbe(Qui) Rin dVn 

« + _ 4 

3T 3T 3 T Rn» a T 

- (21) 

Vcc> Vce-C<3D V i <&a*tt€?tttt 

avi Rm avu a vbb(Qhi) 

= • (22) 

d T R in a T d T 

t U * . dC-C«lffl®»HH»4 2H«)IS»ftffl 

a v n 

v* tz £ * tt (12) * J: y = 0 

a t 

a Vce a VbeCQ tit) 



a t a t 

i 

vco> Vce-e * 

a Vb a VbeCQ hi) 



a t a t 

<: fe * . 

vcBOfi«tt#ttatfvcB>vcc-c©vi <oafi 

a v to 

B<0*JW«ftffli>fc»^li. = 0 £ Ltz£ 

a T 



* K . (14)* J: U 

a vn - Rqi a vbb(q»i) 

aT Rei+R« a T 

<BT. (21), (22)** y 
d Vce aVBs(Qns) Rua-Rta aVse(Qti) 
aT aT Rna(R»t+Roa) aT 

-(23- A) 

Vcc> VceT? 

aVi^ Rua-Rta dVBe(Qn) dVBE(Qiu) 
aT Riia(R§i+Raa) 3T dT 

— (23- B ) 

£ tt a , (/')£* u. 

Rm R 0t 

ft * 4: & < k 

R l la R ti + R at 

Rm Raa 

VcE«Vio + VBB(Qna)H (Vjo- Vbe(Qoi)) 

Rua (Rsi+Roi) 

«( 1 + « ) Vio+VBe(Qna)- n • Vbb(Q.i) —(23-C) 

^jADt-Tfi. lfc^OT«A.W:VcB=6 V, Vio 

= 4 V £ Utc £ & Ktt* VBe(Qna)= Vbe(Qqi) 



3 

= 0.8VfcLTi7=-i:*y(23-A),(23-B) 
8 

a Vce a V b 

* y a Vcc> vcbt o) it * + #j 

a t a t 

-1.2 5mV/titf«+ 1.2 5 in V / «C i: 
aCDT»»@i&HiC$54 30«&iartftffl^fc»^ 
tti VcE©li««l#ttRtf Vcc>VcEt?OVE <B 
& « tit «f tt 0 n IZ /J* 2 H . $ 6 H SB 4 3 E) 0 @ 
96ftffiV%fe£eiC. Vce^ffifc VioOlitf 2f&ifi 
«Ufc*CfclC*OT VcB^fiffitfiStti: Vcc> 

vce-ccdvi ©laittStttiaiMttttf^Dtt 

t4t)*>, VBB(Qna)*? 
VB E (Qii)£-r*£(23-C)* y i? « 1 <& # 
d Vbb(Qii) 

vast? 2 viofc * y . 

a t 

a Vbb(Qhi) a Vcb 
*LT(23-A) *y ^0 

a t a t 

a v i 

£ U Z . X, (23- B ) * y Vcc> VceT = 

a t 
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S 4 2B»@««tffl^ fcke * J84 3BWS, * ft 

KB************* *3 7H,0J:e> 

t It 8'J K B # * * v * • 

S54 BBC80-CltVe.iV«.i:fiKttiE 

V, Si******'*'"*- 9 h,! "" 1 ' 



tfffl ¥2-350 06) 

•CSi. 

ffaaBBT****** 1 ^** 

5 i * u * 1 *** 4fc 
«>«<*«» • 

»4 6 BKfivxX 5 I ' ®«i£V,' *. 

••• (2*) 

*, b < I* 



Vh 



= V, + VBE(Q.»)-V B e(Q 1 ») (Vcc>V,+V B e(Q»0 

■•(25) 



i: **> S ft * • 

Lfc#-3T. * * * * * tt 

Vcc2 Vi + Vbe(Qui) 
<B«BT*V,' ttV, fcBBB-K**- V. 

V,' = * * T * 

ft *B»ft«»-*e*- -r«c*t.a*^«»** 
t ft a . 

u e i> «s t l-c v 

x — (27) 

Vecfe Vi + Vth(Qi»») 

(OfflKKfeV.TV,' «»«*'V« *Bb<«*- 
MO S 1-5 VS>*» ® U ft «** ,;3 V 



«S5S(t fcB*-***^**' 

OBB*. (26)*. W)*********** 

tlT t. J1 4 6la«)'<f?7ffl*» ,l,£V, ' 

B. V«*»4.8V JSl J:H*e,«CV> t 4 V-« 
B 98 © «>* v - if > * » » T U * * - * *» * » » 

5 1* iP^»*MOS|.9^*#"Ml 
,KMVi:Mt. KM OS 
- X tW8«aVoct:tt«l*t. y-K0141 
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*n*n*ff«a@»A<aas:&*ffVi t. * '< 
j/ * c,4i ttmAtavi' 

U~f * -DT ffifl WfiE Vi' 1*. ttffVi Kl^U 
n <£ IC « *v * . lfc^oT»46B, 047B 
<D^«*«i:fciJft*y. Hl**ffVi' # S * £ 
VccK**T*J9EVi *c*b<-r*i* 

C 0 -c * * . 

Hfc«©IR«HKov>Ttt:. Vcci5V. Vi 4 
V IT 8» * fft©*flEWffi K ft * * H 



* V> . — -)5 . ^-AttiiV B i«ili;1.6V T & * 
tf> / W J* — ^ h ^ > X * Qiba t&^-Xfctt 

-2.4V . 3U^3t«tt»Vcc-2.4V T 

* c t it * *% . td^TftOfflittsi' k & # s n 
n * t& i* 4> * < « ir — jt?fe4«^*'^i>. c 

K*yffift*afc<&<#**2:*#-C**. 

<U. MOS h?>t^X jiMisi, M H4 » Mibs 
05 y — K rtJ Miai f Mier, Miet J: U * * 

<K3tu- «":5r *c»«£ n&Eia 
WL/^/i/ngjyjfrjtntf*^. 

ft • # 3 5 B ~ j849B*Cif^T«f:«ff55 



IIRJ ¥2-350 07) 

R) « T ifc & . * fc . ffi*©f:*'W^-7 h7 
>i/A*0'«-A.X*5'**£EttO.8V T 
5i:Ottt»lt&. Vi # 4 V (D € , ^ W - 
^ K 7 ^ i' * * Qiei^^-^ttttVsiiitt 1 .6 
Vi:**. C 0 ft • SB * 5 I ' © m tit V i ' tt 
4 V , /W^-^h^Vi'^^QiB* — Xfll 

& V B i84tt 1 . 6 V fcfc*. iiTVi' tfttT 

Qi»4 ©:i/H«attK^ti. - # . /< -< rfC 
-5 h 7 V^X^ Qui O 3 U £ 

<BIS*M O S h7>^^5 MuiO^-h VcHiii 

Vi' «T»04 ViCBttt*. ft*?- C £ T 

^ h 7 V i' * * Qua 03UMi:VccO 
Ifflty^jr-KDiBi-i6B tfiK3*KS*l*S*v"C* > 
«fc»al/<rd»*tt»2.6 v *VT^*:i;tt 

£ B SB 0) ffi *J V i Xlt Vi' &SS340<&«2Blfc 
iTJ&t*U:3S7B~fBl OHOVcoiiTt Ltffl^S 
d k T ft * . *J IS L *: J: } w: . »3 5H-JB 
490C5^JS«CJ:*vtf. Vi, Vi' 0) , #gU« 
KVcc, fflfifc**aEttfc«»"t?ft*<&-C»7B 
1 0 Btf>@Bfr«tt * Vcc. fi*i:-3^T-S 
H#-3C£ri'"Cft*. LfctfOT. H ifi & # O 
» ic < €^ T «^ V cc S « « » W « k * * 
kfticH*?S&Tfc*. 

«ibttlW*t&^Ri: ITtt. IB 4 8 B CD «* } 

Kta£tefc«aiT*fc<&fc*<k ft fc- u 

?& 5 0 H it • ®2ia<S«*£KJ:*A<*tfJ*»S*l 
fcwOt^i. * * » « T I* . B»2rt<5lS(D 
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SWs tt^^t/^-. Ci. CnH»ft- Vner 
0 (B) 

r*vlcJ:USWi * > £ U U . SUCi J£ * 

HiT^vnci <&i8^3i0>niffitttfc*K-fc 

# "3 T . 3 10D«EVmtt:A t i:jt«l/fe«ffi k 

* * . £ CD « ffi I* ♦ * ^A»ntsw« # * V 

tf*:/*:fc4fc«>. o vtifctt«n* & $> ft ft* ic 



2&ffAt^0I9l»2' 0> — SIT 2 <B ^ 5 - t 

ut4 & * © m a ♦ i ' . * * ' 

ttft SB 5 o a * ra««^atT«» u . 2©»^» 

ft » tt "T * . 2' tl/TttlBTHCA^^^ 
i: a* T ft * . 

a 1/9 * * a * — CD * « A yfttttitt^i: 
a*flEBTCDfc«>K. /<-^«ittJ:U3UH1« 

VT + C\**4* — *b*2'1?**V>*i'2* 
h^:/*/A9ftC2K«iaT*vtf«k^. r <B * } 



?$rfl¥ 2-350 (18) 

ft «l » T * . 2 CD ® » tt , JB7B~IB2O0<&(aJ 
*3*j»«"Cfct. 2 0Dfttf«tt ft ttttfc*a * 

««^r«i?*y- «»-ci«**<*<&«ttft«»^ 

ft*, *$MMOVRer . i tt . ttt*»«ft*fi 
T*fc«>, Vhep fcLT 

* S . 3. d TMi . H»2COtt^«ttft*i. ♦ * 
£5 lHtt, J»3H©H»«tCff5 O H CD * US 

vVxJCDttttftttJfttt^WitT*::*: 
*&mm\tm 1 2iafc:lR&Tffln 

IB 5 38 11. ±5£Lfc*^fi5WftDRAMU:ai 

Ii?@TMAH>^ Ut^7l/- , C*U. * ^ M 

^-JttKitiflsn*!* ^ « ■*ft*ti«*r*-fe>* 

*9T»J&£ft6. ABtt7 H 1/^A^AinfcW 
8<B^ttK»tft7 KL/A/<y770!». X - 
Dec&Driv., Y - Decit Driv. It . t^^^X 

^ 3 - $r . k ? -< >< . y r 3 - ^ • K ^ -r /< -c *> 

ft*i/'Ql£«i@9ft. SAD, TTDtttV^ 
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CE KJ6&T»£-r ft @«K MAltl/Ott-t© 

3 I* ffl ifi * # , ttffl*4**£-t$£ftK#&fc«-9- 

* 5 IC m # U • C *v K <fc U • *@3ft0tttt$:fcl« 

Alnj)UBK:i:oTi9««*vX- 
Dee, Y-D«clCffi#fe«*ft-r*. * <3 # IC Jfc 
ttX-D«ctDriv t:J:-3t 1*C07-K«W 

«««^3^-r — *»*ca$A*n*. * <& *s * x - 

* to±KH*'bm*i*mt>t}.* s a ic * u **« * n 

T-Dee&Driv IC^Ot, 58 « S *V fc -r — 



J5rfl¥ 2-350 09) 
i/o, i / ocaj^sn*. com 

ffl ;0 £ ft ft . «*a*«lftttWC«:^UT. ±K 

ft . 

"0T KB "C ft ft • 

**fc-5glCff^Wi*«»tfftft#. C ft K o i> T 

#*fc*ft**<B@*c*»u*:{8-*fc Bum^j 

# * *. "5> ft ft . WlCDRAMf Ityt'it^TU 
**^fcffl^T«Jfc*ftftfc*>. 
(file Jfc^^^Wffitftf < . ««*<0ttT<&raiB* 
£ C « . U # o T . **»Jir<n/7U — fflHi B5 



ft IZ L fe«fl« ft ft . l»tfs&«*-3Su:« 

*. 6 ft ft . **Uirvi/rt<&Cs co ie » f» 

* *-5£c#^:fr*& #ft ft . W«**fQ« 

i^&£<« £ U <h £ i* BS fc* Cs *&9LT 

fcj T ft U . C a <D<fi»WBE^^y^^T«%tt< 

* ft a* * -c ft ft . c<o * # e oxa & — £ ic I* -d -c 

* sad, dp. wc**coma«ff«:« 

C CD « , titB«tfr«Qs tt*<D*^tC 

a « s ^ ft . 

Qa = Cs • Vs 

c oxs * Aoxs 

b : Va 

t oxa 

= t oxs • Aoxs • E oxs 



r:-Ccow Aoxs lie* <r>mwc 

ft ft . 

Oferf-3t. Eoxs & — 3£*C#Tl*Qs — £ 

«««*^Ji^ ft txtz. ft^^^je 

<fc "T ft . &JEtfff<*ftfc. M C * <& * ft* 

» »j - * **c #*taniT ft <o-c, ^jga&ttic&K* 

ft/Jxf»tt«?5*fc**<Tfti&&#ftft. L, *: 

a*#K< tefticolit. Qs * -r * *> *> . 
Eoxs 4^e<tt, te*« ft S 6 u: fiiJt £ it ft 

ttft&Jfe ft ft . 

cicd*-£. &A Jfc* % K M O S K 9 v V 7s 
to b • #Trfft<OT-r-*tt*ttmtt*<&fcr--* 
ffi&*ft«±f;** <itTKfcJ»T*ft. 

*J » 8s ft ft . £0MOSh5V^A*tt*S/ 

«J7Wfl-#lftKM;*Ttt<*ft»^7*#v>fc«>T 
ftft. MOSh^l/^5«)*8Wffitty-hfi 
L. y-Mftafl9»tox^W<35cft« 
ttTfft. bfctfoT. L. Toxtfflt 



-559- 



^fcfcraflUcLTtTft^CfctfTftft. * . fflf 
K *B >< fc * } K £ tfi T ft K*t'i7fi 
£Efctt<ftft. Ufctf^T. fl« #T #ft 7 - 

Kf&ff, x-*»*ffift^*Tifft«fc3K**-*tf 
c s u: * a u fc$g»» & *a*-& ft - * ft 

T ft . 

JSl J: . ttBJ3bfc55iar«^^tvtf- D R A M <& ft 

tt*«*cDBWKA?&T»»-rft::i: 

ft fc % . SJiBl/fc*^ ^DR AMt?tt»»ttftS:it 
«> ft fc «> . ««B^5R^S:te^^*^»ft. 91 # »* . 

4 M , 1 6Mhf7 hk»««^tift«>&»:ti*^ 

5R^icttiro-rft<attHKi:*ftfc^«snft. b 

Vccfr 5 V «fc y Ttf ft <*>l±* (£5feCDDRAHi: 
<BS&tt**#iLT^-*--iCAm«:*ttft0>'t? 

<ft V> V i ' t«^t5fcO<Oik»fflOi:MOS h 
7 Vi/^^Miii . 3 £ l£ ? — K^-f^fK 
V i ' J: y»v»*ff VeHtr^Mt afc^^ft^ 1 * 
ffl ® !ft H O P ♦ #JB*$ffiiftt8fl£*fc£@ 

9ft VstftUt-r - * tt«J£ Vo H =r - * « % * * * 

* 3 > k n -/i/-r ft mwimn o r v , drv x 

0 fcfc ft . * ft* * U* . V i ' ttVi i: L < . 
X. Vch^Vo tiVi' JS K ife * ft *> . DRAM 

ft. Lfctfo-C. f^<O^JK«K<fcy**»J-fc/i/ 

6«ttKffc&£ttftCfctf^ft<fP'*lc»tt*G>« 
&UfcDRAM*#9l-rft;ifc#T*ft. X, 

-iz-v^ASfc^^Ktrft^ft-*******' 

T&ft. ftS, » & 4B90^1ttffi®*FK:K3 7 
OB. ®4 5 0<O^»«fcfflv>fet *»Ctt*Oi: ^ 

tcbT-t<3Dftt««^fe««-rftcifc*Br«8-t?*ft. 

BftFTli. tttffi Vutt (15)5fc<& * ^ C«#fc© 



»R3 ¥2-350 (20) 

J?*l,<ftV'. DRAMlC#l*T*»4 
0, » 5 D8 ft if « J: -3 t * « »c * »J V cc * >; 

£«to*g»*t7ft}r*:**T#ft. 
»54BttJ:E^«fc}ft«WB»**A''c*# 

lfe«BBtta-Xtt*|-C* ft - ■S4HC*n 
T . BIT tt. TKU^^y^T'fff-y. 

«ffVi' (i»«t ft 5l2tt7 
— K K 9 -f /I V i ' J;»J«v^ffVcMt«»t 

ftfc«xa$g«ttu 5i3H«j;i;5i3U. * 

i/^7V^SA<Ott»H>ftSAD, SAD t WW 
*ftfc*>CD«Wtt-C*>ft. ft*?. r Z T I* * T 
ft . JS54HlC*JV%T*iJ»@*3^li*<0«lt& 
5?ft«»®»fc'&A,-C*jaTft<Bl*fc*ftA,-C* 

fc£fp«flE*«£*rftfc«>*!>S£«ffi»3=0»F. 
/^^-nvVi/'XJQiti . Jfc Ifc « O D , » 

a m » h. . «***ffvi tafcic. r h u * /< v 



<o«*e>i::as$i;tf>.tt;K£-3Te**ft. f^fe^sui 

<Olft^«icJ:or«tt35p^Kft-rftZi:^^<Hja 

T«tt(Blft**«£S:--*lCZm (Z>0> tft^i: 

u: ft £ i: #T * ft . <Tftfc 

<» ; 4 x ft * c»»ssit^r<^5:^fe'J 
it ft , *<&»^VCtt, **4*«*$&£@]i*Ffc 
#»ttttJStw&ft* * ULli^iUTa 
£«£@BFfc»*.ft**fr#< L T ,/ >f X ft *f 
n * ft tttffiKft fc M ifc U . w: *> ft * # fc: 

5 5 B , ®5 6HH*«fe«)<0AacWJi:Slft«'C 

6 ft . J8 5 5 0t«V^Tl*. *tettJE*3ilsiaF 

<& m mm&* d * . jfamast v«o no k p m o s 

hv^^A^fcttttT&ft. * . $g 5 6 B K 

v*Ttt»«5*ffi»^a»Fa»!Gie*i: - $ tft ra 
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TM200&&t%l*»MOS h5VVX5TM 
2 1000'— htt£*K*.*CJ:lcJ:U. £ * * 
F0«»«ft«*fcflWt*-r* X 2: T 
SS 5 5 0035» WCti. *-h« 
^ 2 0 0 Ol8ffi&TtfS2:pMOS h 9 i/ i> A * 

OtE{fi:^tf4h pMOS h9>t/'A*M200 

ftsi*J8u:fc***i::ttfiSTF-2 o 0(D«tt4Tift. 
#«<*JBic&***lc»±fiS^2 0 0 0 <4 ft ± 

#«tt-r * ^ t ftwuk * >}n& 

< ttffljStH^tfiatirt^t!**. » 5 6 
0 0 ic *? v> T *» . ¥«<*§S«0»tf2S#Kl* 
«^2 1 0 0 « <flt ft -fc , #«B*u:«:tt^2 1 0 
0«&ftTW*r*fc«* y|2fl*0S&*ft19*c*: 

* * . m 5 6 00#&»f*tM*. nMOSh^ 



» IB ¥2-350.(21) 

Kfftik^Tft 5. * KB SB, JB560 
MOSh^VAHjlAtU, MOSh7> 

H»£@»fcftini***iE*0*£tf*4>**. 

L*»L. 9J3 70fc*v*ttlB4 5000»0ai;& 

ftfc-3fc0» *ff»ttH^Ki:<t 
<rt»fttt»i-acfc#-r*a. 

Jg5 4 00«*tt5X' fc««i:bttt^t6 

90S ftStt i: U T tt, »9H^681 
Lfc«***&««lC*i*TVccftVi' i: L * 
CD ft ffl v> *v tf «t . X. (&55C«i:t»78 ( IS 
8 0 £5 V cont 5; Vi' ilTfeJ:^, IB 7 

B»6017g-?lt. r 3 — $T * if ic « NANDB 
*«C^OttaH»ft4SfP»Lfc#- « * tf IB 1 IB 



TDR I V0g3£'ftNANDfc#**it.£*£'L 

fc 2. * UBiCNOS® W *Jflt**zi:lcJ:»Jffjt 
ttftBJSdiiafC***, *0«£lC»8B. ® 

«fc V> . * 0 2: « Ic I* . 3U**««ttVccfc>J{K 

j^snso)-?, x«ttft0*00a-vccJ;yftn 

* d IcT* fc®tt*Stt ft£j£K*ofc**. Vi* 

A/<s/?y0*De«tt. #siA*«*0««tf* 
+ #*»^Ki*irii**tf**<z0®#0*ffl[ 



AST * * . 

DRAM-CH^-^^ttft^-tU -fe )U (1*0 
MOST* l*0*-*/*i/*T?«iain*;**y 
■fe/l/**0«tf&*) <?> VI* ft LtfJttlCJC&T . 
P MOSi:nMOST^l&SnfcJ:<»^^^:-fe 

#**y*;u0**/<^**cW>L£n*it?$* 
Qc t± 5 s - 9 tg tt flE V dl £ * -V is * 0 Cs 

0 « i: * * . DRAMtlt±SQc # Jfc VC # C 

tfttt£VoLft*&i88g(t8£Vccfcft&lC{*&L* 

m s k i? # n »* , *g&&fHc,fc£rs?3STmift 

1 0 2 4 ^0f-5«Sriq9CS»t:^«t^^ 
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i o o o p Ft^atut?, jg&maE£<HHfc 

2> * . #T*3S«!«S:8ft«!§f*. ^ - * « <0 & « 

ll@»DRVtt5t)^4. #*SM«Ttt. £<0Bi 
» @ # # 1/ > h 5 5-@tti:Jfc««-C*ritS*v 

h ^ > 1/ X * Q i , Q»*6lAft-80-f 
KJ;-DT*i»2rn*. Q a Qi tfi* y CD 

» ^ I* Q . (i/n) ffi a gg » H ^ 



?l (53 ¥2-350 (22) 

Qs tf3T7TQi tf* i/ <& t* • Qd 

i/n. MOST^y— h«fcw/n, Qd O V 
-hlfcWiitntf. Qd 0^>«StttS«aii 

n tt V - h ft * K "5 > X * <& l# 
<fcUT*i/nfc — SlClt»t?tf Qd 
« li If — £ * * . rr-C^*»««ri/n, 
w/ni:Ltk^0)tt, iff ft * * 'J* * < - * ^ 
■5tfffitt&/hS<T*fc«e>T?**>. n t* * « ^ is 
tfi X • 

vr > voT tt jfctt « m>& w«h ^ <c »> . *ft 



^aWtjRl/TV^. nMOSTtpHOST 

}V * * tfi* > ( » « JE # A £ ) t * 5 i: , IINia 
»ANDO£f5^1«flE«:W*ffitncy» Qd to V - 

msjevo t± s tasnaa <o ai a its v« t ^ y . 

vi' & «* * * jt«!« u mm 

@%AKDOffi^»;fitlS2:&UQi # * :/ U . 
Q x li^7U Qo tt^n<t»J, Vo It « I* 

vr icMv^jnTi/n. c *v k * o t * 



£ TnxtUn U > K $ ? - & + to T . asmtratt 

i^jbifixfc^ijiwicjcntf^-^ttifltavDLft 

V i ' Kttt*«?L<T#*fcl&7 r -**«£VDL 

<n SJKtf #tt t? n t l r . # sb * «ff v cc <& 

* * . D R A M IC JS V* T tt. a-KISlOtaffiS:^ 
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ffi It *? ,fc * 6 V <& J? fc * y . 7-K»i Vcc©« 
5 V 2k J:lC#ffi-r 4 ^®#&S* * * * . Vcc^-h 

fcUTlt, * *. „ $B59H<&@»*Jl^*wfc 

IS 6 9 09 to @aKZ>ft# 6 0 B$>*JE 

j&tW«<4lC**fcnMOS 1 1 fcai/tPO«!4 
ttV»- Vtu. ©«<£i:**. Ik T B 
Kl * * . 12 (pMOS) #*>UF0>«{fci± 
Vh t * . iCDJ«*13 (pMOS) # # 7 . 
14 (nMOS) * > • >T 7* - ^ h^^VX 
M^*7, 16 (nMOS) # * i/ «t *J . 

aiawttovK*** *SFtf;fcm<fcVH n± # 

A , COtttfcttV* t*iOT, 111* 
*:7-Cfc&0TF*fc C >v«»^« m U T F <D* 

TC^««ttK«e*fcll3^5rvL. Ft>ctra 

C « * <fc »C * . CK&jaJftlStftfVU* 14, 



fc**fcv*}*g.6fcfc*. * * , » 5 9 0 <B ® 9* 
TfcfBl 3»CJ:^«a^«IRIi:MOS h 5 v 

»6 1Htt,«ff.Vr' VccJ&JKDW 
*JBE****fcfc<&Htt<B*J»*|-CS>y. ?B 6 2 0 
»* * © » «t m V & * . JB* T . JB62B*fflv*T 

SB 6 iH<oig»«ow?^S:i»^-r*. 

Jg 6 1 0 0 ® » W: . DRAMCfcUK R A SIS 

R A S iS ^#ftL"<;i/fc*y DRAM^ttf^ttJB 
CAOfcfc#t»23Htwl/feJ;^^. * IPs 
tr&U^cyi/, v tps fc » 1/ /I/ U . * is, * ha 
fcfcfOl/K CCOWJft, 

G 2 , G 3 , G4<!)n, GlfcC2tfMOS» 
f MCtsi, MCmiCioT^ffJn. *<Z>tt% 
UOSh9y';xMm. MijaI j| I T G 1 «fc 
!) G 4 » G 3 » J#«*v* 0 3, 0 4 ©*ffi^ 

±#-T*. G 2^Vcc£l±l:#ffSn 



?IR1¥ 2-350 (23) 

16#3f7U^" HG^Vr fcftU. & a d # » 

Vh-Vbb ^fid»HI§ttt»6 OB® 

C V* IC^OTf^ E 

tffittttK***TC!>Wra tcE^fi^h F 0 » « 
(4W:Va-Vtii. K L * < k E * * 0>T. 13, 
I4icjt5a*«t^»^. D*^ + »4tt«tti:i: 

tee(D^MH^<t«:^8tl/^. * <0 

& *. *v l< * t> . i*v>: J: U JiRKIIIttWftTee. 

* @ & ic * *v i* • m^i:/<>fjK-7 MVJ^^ 
j» fciv>Tv^OT9 — K «fc*«lCVM-Vee 
* d #T * * . *CI87HKfi^t, 

**ft<fcy*i»Ge&i»sttf *os 

T^idJT, G 3 , G40*fi[ttM0S h7>*; 

4<*£E1"4:2:# , P*5, IK K f is i: # is* * 

*<B***ai. G2^ttUt^i:a»U 
G 3 . G4lt^S«lv2. 30)*:*. G 2 

*J $ M 2 x a 

* ^ > ^©f n. a * * y ^ y 2/ j xju 

-3 T G 3 J: y • MOSh^>^X5M**e (ill 

Moshivi;^^G4oy-ht5ir <o rb 

lew:. *r^*-K*6*iiL^K»ttUTfc*;fc«> 

Mil Ol/*V»*ff iVTMOfc ltV|' +6VBE 

- VtiicIC * 9 V :f £ *V * . «*.tfVi' %4V 
Vbe&O.SV . VTnct 0.8 V fc T & . 8 
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2-350 



# — 3£tfff#±£*e>fcv>,>:}K:-rft£fctfT* 

40r«A.tfVH K 9 - K K 7 << '< * « U » 
i^H^ti. ftK. DRAMORASlSf^ 

t5. COJg^MOS^ftMCne IC £ *J G 5 0> 
Kt<fc J*#fl£ £ *v * p MOS h 7 > ^ ^ ^ Mm * 
ifi b "C M O S h 7 V ^ A ^ M tiB t Miser Mxit» 
Mist <B h ISffi J* VccUl JhlC#ff S dtV 

g 3 , G40«{ftO:Vcc&&UK:C«><0ttjnk:fc 
if*. £ £ T . MOS h 5 ^^^^ Mtti 

I*. Mn* dDKl^f VC»E^^»^<0SI»v>t 
Mm fc ft *> <0 *> ID T *> ft . £W 

J* — K * £ 59 K ffl V fe*^ U: tt . VeetcaiStofiF 
tt # * ft . Vh ^flUtt^ttft^^TU*^. 

;r*,fc#ft-rftictt, * is- fieoartJ&Vcc-e 



4< V t ' hlt?7>^@»fe««lTiJ:v>. 

r CO t # II 5 I 24>tt£t£r£attfc-r«ictt& 

63B0*^B»l)Bfc>t<»J:v^ J86 3HT 

V C H ' &»6 1H^J:-5^El»TajE^ffTtf 

5 X 2 IC tt 

Reit + Rill 

Vrbp X 

R in 

C0«ffi * *v ft . Vrep HTttVi' 

6ffl^Tt>J:va/W^-7 h ? > X * Q t»i 

L T ft fc <fc 3 * * * « fc * *v tf 5 I 2CVcc 

#J8l*C*ff»#lcJ:oTl8;&*tt**ftCfc# 

* < ttffl** ft^tf^fST t> ft . U^LDRAMCO 

# » 9 . vh to * <& a* • &6*<ou— *tc*utt 
T-r ft en« . 



co u - o * m « -r ft a » & jm k » n ix * v> . * 

*h?>2/A»CD*4X**S< U T « * *g ft tfc 
i < 0 CD fc S'J K « TRASt «fc A K 

* IB 6 5Hftfflv^T2ftB9Tft - T& ttl/^A'tt 
ft Z. . MOS 5 V^^^ TMiio, TMtn, 
TMiii t:^-3TGiio, Gii», Vh ^VcciS< 

f ^* s n ft . e^wu-s^i/^A 

*Jslf*k-f>^<— * I mi: I*4iC9aS£t*#« 
SU^il/, ft I/ * ft . l/fc»^TGno a* 

VccJGl± K #flE S *v. Gi*o AJ5«^anG*4o 

±#rft. * c + efcttU'^fc-Tft*, 
O^-Mui, I»i(!!)lljAtt**ttl/^^, 

a-t co «* -3 k * o&raaattKsi* 

J:tf£*TtfftC2:lCJ:yVH com<fcl*J:#-rft. 
Vch«±#^ C 5T *f ;* — KQDmo - QDiu 
lliOtOiii, Vain C0«tt % Vch- 6 Vbe© 



W{R T Ji^T ft . MOS h^V^A* 

TMi4i CO L * V> ttffi - Vthi £ U * Vh 

#Vi' - Vthi+6 Vbb J&Jb t U ft „ Voui 
ttVi' - Vreii: 4*3t. T Mm tf< J* 7 L , 
D2470«(ittMOSh^>^A*TMi4T tC 
J:»J0Vi««. * 03 Jffft N A N D 0 K N A 240 

Uff it f ft . * co fc. W»«5I2*y»fflTft 

««im ic^uvh co * & & t y . v i * - 

Vthi+ 6 VbeJ&T £ U ft £ S^Miie 
TV«C0»flE«&^^«l*ft. 

J» ±o * -3 k: «BM h ^ n fcf , Vh <01tttt* 
Vcci»J»PVi' -Vtui+6 Vbb IC « O d t 
tfTfcft. Vi' J* 4 V . Vti*i&0.5V* Vbb 
&0.8V £. + *£* Vh H8.3V fc^ft.tt 

UiHJ, m/Jl«ffiVH 4 Vcci: »J»^«- S^>* 
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IC <fc U V ch <fc *J Q D *«o~ Q D*4»tSft&1tt^^ 

M^Jtf-^^^fxni. 3 iv * * V cc 

^W3T-K«>«»tt*ffiVM hVi' <& |g 3f 3! 

*/X^TM*4. SrSStt:* iff&<Z>*^Ttfl ft 

It li , y-h«WtC^tT^-HiL« * * ft < 

i: * r * k «k yifc«W/J^v^^BDaT**u:» 

Ufc. P n if 4 * - Ktt- W^tf'Wrf 

^±:K.fcy»»K^Si"Cft*- z>ofc*>* -< — 

^ h ^ > i> * * kHB*K.J&Ja"Cft. « ig X « «: f« 
SRffc-Cft*. Cl<Bfc£- fcttfc'W *- 9 h 7 > 



¥2-350 (25) 

m i B0>£US«-ct±mffiVH k.vi' t<D2tt, 

0.8V *JM4fcUfc«U***-fcttT**^ 

^^iCcfc^rttVH avr fcc&gfco.ev 

<» n <3 ( n - 1 . 2. •-> 

* ® fc ft ^ » . 0.4V «*<0 

H # ft m v f |*^^av H*-^^*-^* 
ffl v n i* . 

V h = V i ' -Vini+i Vp 
fc * 9 . 0.4V HttHTV« ©fflfc®5£T 

* * . »67Hi:atftJ;^"MOS4r^ 

VhsVi' - VTtn + i Vth» 

6 a . * « . jB4iafcj*r«*e>*0tt** r -**- 

KCO^*>ycffl^-C««CD«ttfS%^*-^*'" C 



/ R* \ 

Vbi I 1 + J 

* Rb 7 

T * * O "C . R a R b ©jt&^i6 Ci: i:* 

ffi. a*<0«^^pTfl8-CJfe**^ » 6 9 0 IC *t t, 

hI39&LfctJlft&Ufcfc<B-C&*. * ^ Ifc • 
^ 7 V ^©f -f * - K&nMOSaf-f* — Kfcl. 

Vm irVi' fcttWffitt:, Thbi 0>U*^1SflEfc 

vthbi- mo s ar-r k © b * ^mjE * vtd* 

V M = Vi' - V Ttie + Vtmbi + n Vtd 
£ U »J * U ft ^fltff Vtd* # <fc * L T tt {fc & *H 

KMDS 1-MD5 i S:illT»*i5««itt 
nMOSMnijSlTa*v4/W7^fllSilIi« G> 



rf* - 5 K ? > X * & ffi V> HQS 

h 5 vi;^^0D*T«iJiSisntP4fc«). mos 
K7>j;*5«*j;»ji*6ls i k a hi T a <a tc 

Old #^2<&«i:**£:3fc:fci!>*.l£.i:*>. « 
jl . Il If 1 0fgi:MSt^ 

IX % MOS h7 Vi;^^ Mei©KP-f>tacK 
ftSl 0%S«t«ii4Ci:^'C€VL * li I* - 

MOSh^V^^^TM*«e ©V 

^ ^DR AM^WIfft < 
SRAMHajSbTfctfJfcTfc*. *7O0tt, 
nMOS ^VJ/^n8Utt«^T«lft^. 
SRAMW^'Jt/l/^-Wt**. « A. IX * JBE 
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fclSI*-5£*>DC«»*C**0>-C*£EVcTo fc- 

* . tO)«lSRAM<0«ia@»lCfflV>4Klli3 

S &C«)KQI2^ U J» * CD » 39 L S T iC*?v> 
»®»-C«:, « H@9fr <&»tt * 6 IC * O T * *0 b 



C * © * 5 

j^ji. a* * ^ kr*#ipi k * n a: . 
*ttfflfc#**<o0ei»at*o-cfc, £ -c « m «« 

«few"ra, « 7 B~fB 5 2 Bfct*«"H<& A <* W 
7 Oltt*«^tcDRAM^j:i;s R A M 'v » )8 

u as us « * -r la . 



» Iffl ^2-350 (26) 

K^imHiOtT, *<B* SA 
ft. t«l*MfkttliMOSh9V^ 

^-C b * <0 k • **91<D«**** * * 

MOS h?Vt>**<0»*fc**£K*yJ:tffc 

n&a. «;*ia*ff**<BR»K#b-c%H«K 
« aa « a- , s« 

1 - *- f * . 2 • * gfl ® 9& . 3 - W W B *K 5 »• 

Matt. 

ft a A # a ± * in m »• 
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Ilia ¥2-350 (28) 




7° OUT 



J6 



VCOHT 





1N< 
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T/VSj 



9 OUT 
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?* 158 ¥2-350 (30) 




% 34. m 




% 35 0 
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13R)¥ 2-350 (31) 



SB 37 E 




Vcc jE ^ Jifc 



3fi 35 0 
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47/ 


. 1 6 72 



^51 



3fi 0 s « 0 
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